Theoretical estimation of drag tag lengths for direct quantitative analysis of multiple miRNAs (DQAMmiR).
To better understand the regulatory roles of miRNA in biological functions and to use miRNA as molecular markers of diseases, we need to accurately measure amounts of multiple miRNAs in biological samples. Direct quantitative analysis of multiple miRNAs (DQAMmiR) has been recently developed by using a classical hybridization approach where miRNAs are hybridized with fluorescently labeled complementary DNA probes taken in excess, and the amounts of the hybrids and the unreacted probes are measured to calculate the amount of miRNAs. Capillary electrophoresis was used as an instrumental platform for analysis. The problem of separating the unreacted probes from the hybrids was solved by adding SSB to the run buffer. A more difficult problem of separating hybrids from each other was solved by attaching different drag tags to the probes. Biotin and a hairpin-forming extension on the probe were used as two drag tags in the proof-of-principle work. Making DQAMmiR a generic approach requires a generic solution for drag tags. Peptides have been suggested as drag tags for long oligonucleotides in DNA sequencing by electrophoresis. Here we theoretically consider short peptides of different lengths as drag tags for DQAMmiR. We find analytical equations that allow us to estimate mobilities of RNA-DNA hybrids with peptide drag tags of different lengths. Our calculations suggest that the mobility shifts required for DQAMmiR can be achieved with the length of peptide chains in the ranges of 5-20 residues for five miRNAs and 2-47 residues for nine miRNAs. Peptides of these lengths can be feasibly synthesized with good yield and purity. The results of this theoretical study will guide the design and production of hybridization probes for DQAMmiR.